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2.1
$\langle A,$ $arrow\rangle$ $A$ $A$ $arrow$ . $arrow$
$arrow^{-1}$
$arrow$ . $arrow^{+}$ $arrow$ , $arrow^{*}$ $arrow$ .
$=$ $arrow$ . $\equiv$ . $A$ $aarrow^{+}a$
$($ cyclic) . $A$ $arrow$ ,
(acyclic) . $a\in A$ , $aarrow b$ $b\in A$
. $A$ $arrow$ $a_{0}arrow a_{1}arrow a_{2}arrow\cdots$ ,
.
2.2
[1] 7 [3], [6] .
, $Z$ . $\mathcal{V}$ $(\{Z\}\cap \mathcal{V}=\emptyset)$ .
$\{Z\}$ $CL(\{Z\}, \mathcal{V})$ . (1) $\forall x\in \mathcal{V},$ $Z$ ,
$x,$ $Z\in CL(\{Z\}, \mathcal{V}),$ (2) $s,$ $t\in CL(\{Z\}, \mathcal{V})$ $(st)\in CL(\{Z\}_{;}\mathcal{V})$ .
$Z$- , $Z$- $CL(Z)$ . $Z$- , , $0$
$Z$- $CL(\{Z,$ $\})$ . (1) $Z\in CL(\{Z, \square \}),$ $(2)$
$\square \in CL(\{Z, \square \}),$ (3) $s,t\in CL(\{Z, \square \})$ $(st)\in CL(\{Z, \square \})$ . $1$ ) $\triangleright$ Z-
$C[]$ . $(st)$ $st$ . , ,
$s_{1}s_{2}\cdots s_{n}$ $(\cdots(s_{1}s_{2})\cdots s_{n})$ . $\sigma$ $\mathcal{V}$ $CL(Z)$ .
$\sigma$ $Dom(\sigma)=\{x\in \mathcal{V}|\sigma(x)\not\equiv x\}$ . $Zx_{1}\cdots x_{n}arrow t$
$Z$ , . $x_{1},$ $\cdots,$ $x_{n}$
$t\in CL(\emptyset, \{x_{1}, \cdots, x_{n}\})$ . $Zx_{1}\cdots x_{n}arrow t$ $CL(Z)$
$arrow$ : $sarrow t\Leftrightarrow$ $Z$- $C[],$ $B_{1},$ $\cdots,$ $B_{n}\in CL(Z)$ ,
$s\equiv C[ZB_{1}\cdots B_{n}]$ $t\equiv C[t\{x_{1}arrow B_{1}, \cdots, x_{n}arrow B_{n}\}|$ . , $ZB_{1}\cdots B_{n}$ Z-
. , $A=CL(Z)$ , $arrow$ $Zx_{1}\cdots x_{n}arrow t$
$CL(Z)$ . $tarrow^{+}t$ (cyclic) . $arrow$
, $Z$ (acyclic) . $C[]$ $Z$- ,
$\sigma$ . $tarrow^{+}C[t\sigma]$ (loop) . $arrow$
, $Z$ . $tarrow^{+}C[t]$ (ground
loop) . $arrow$ , $Z$
. 1 .
3
TRS [15], [14]. , 1
TRS . [12] (p.126)
Plaised $[15|$ 1 TRS




. , $B(\cdots)$ $B$ $A(\cdots)$




. $L$ $0$ . , $Z$
$Zx_{1}\cdots x_{n}arrow t$ .
[2] , $S$ $S$-
. $Z$- .
3.1 $s\in CL(Z)$ . $s$ $|s|$ . (1) $|Z|=1_{\dot{J}}$
(2) $|(st)|=|s|+|t|$ . $s$ $\Vert s\Vert$ . (1) $\Vert Z\Vert=1,$ $(2)$
$\Vert(st)\Vert=2\Vert s\Vert+\Vert t\Vert$ .
3.2 $Z$ .
(1) $Zx_{1}\cdots x_{n}arrow t,$ $\forall B_{i}\in CL(Z)(i=1,$ $\cdots,$ $n)$ , $|ZB_{1}\cdots B_{n}|\leq|t\{x_{1}arrow$
$B_{1},$ $\cdots,$ $x_{n}arrow B_{n}\}|$ .
(2) $s\equiv C[\Delta]arrow C[\Delta’]\equiv t$ $|s|=|t|$ $\Vert\Delta\Vert>\Vert\Delta’\Vert$ ($\Delta$ Z- ).
1 $L,$ $O,$ $S$ 32 .
$L(1)|LB_{1}B_{2}|=1+|B_{1}|+|B_{2}|\leq|B_{1}|+|B_{2}|+|B_{2}|=|B_{1}(B_{2}B_{2})|$ .
(2) $sarrow t$ . $B_{1},$ $B_{2}\in CL(L)$ , $s\equiv C[LB_{1}B_{2}],$ $t\equiv C[Bi(B_{2}B_{2})|$
. , $|s|=|t|$ , $B_{2}\equiv L$ $L$-
$C[]$ .
$\bullet$ $C[]\equiv\square$ ; $s\equiv LB_{1}B_{2}arrow B_{1}(B_{2}B_{2})\equiv t$ . $|s|=1+|B_{1}|+|B_{2}|=|B_{1}|+$
$2|B_{2}|=|t|$ , $|B_{2}|=1$ , , $B_{2}\equiv L$ .
$\bullet$ $C[]\equiv(B_{3}C’[])$ ; , $s\equiv(B_{3}C’[LB_{1}B_{2}]arrow(B_{3}C’[B_{1}(B_{2}B_{2})])\equiv t$ .
$|s|=|t|$ $|C’[LB_{1}B_{2}]|=|C’[B_{1}(B_{2}B_{2})]|$ . , $B_{2}\equiv L$ .
$\bullet$ $C[]\equiv(C’[]B_{3})$ ; .
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, $B_{1}\in CL(L)$ , $\Vert LB_{1}L\Vert>\Vert B_{1}(LL)\Vert$ ,
$\Vert LB_{1}L\Vert=5+2\Vert B_{1}\Vert>3+2\Vert B_{1}\Vert=\Vert B_{1}(LL)\Vert$ .
$O(1)|OB_{1}B_{2}|=1+|B_{1}|+|B_{2}|\leq|B_{2}|+|B_{1}|+|B_{2}|=|B_{2}(B_{1}B_{2})|$.
(2) $sarrow t$ . $B_{1},$ $B_{2}\in CL(O)$ , $s\equiv C[OB_{1}B_{2}],$ $t\equiv C[B_{2}(B_{1}B_{2})]$
. , $|s|=|t|$ , $B_{2}\equiv O$ $O$-
$C[]$ .
$\bullet$ $C[]\equiv\square$ ; $s\equiv OB_{1}B_{2}arrow B_{2}(B_{1}B_{2})\equiv t$. $|s|=1+|B_{1}|+|B_{2}|=|B_{1}|+$
$2|B_{2}|=|t|$ , $|B_{2}|=1$ , , $B_{2}\equiv O$ .
$\bullet$ $C[]\equiv(B_{3}C’[])$ ; $s\equiv(B_{3}C’[OB_{1}B_{2}])arrow(B_{3}C’[B_{2}(B_{1}B_{2})])\equiv t$. $|s|=|t|$
$|C’[OB_{1}B_{2}||=|C’[B_{2}(B_{1}B_{2})||$ . , . $B_{2}\equiv O$ .
$\bullet$ $C[]\equiv(C’[]B_{3})$ ; .
, $B_{1}\in CL(O)$ , $\Vert OB_{1}O\Vert>\Vert O(B_{1}O)\Vert$
, , $\Vert OB_{1}O\Vert=5+2\Vert B_{1}\Vert>3+2\Vert B_{1}\Vert=\Vert O(B_{1}O)\Vert$ .
$S(1)|SB_{1}B_{2}B_{3}|=1+|B_{1}|+|B_{2}|+|B_{3}|\leq|B_{1}|+|B_{3}|+|B_{2}|+|B_{3}|=$
$|B_{1}B_{3}(B_{2}B_{3})|$ .
(2) $L,$ $O$ , $sarrow t$ $|s|=$ $s$ $t$
, $s\equiv C[SB_{1}B_{2}S],$ $t\equiv C[B_{1}S(B_{2}S)|$ . , $B_{1},$ $B_{2}\in CL(S)$
, $\Vert SB_{1}B_{2}S\Vert=9+4\Vert B_{1}\Vert+2\Vert B_{2}\Vert>3+4\Vert B_{1}\Vert+2\Vert B_{2}\Vert=\Vert$
$B_{1}S(B_{2}S)\Vert$ .
3.3 $s,$ $t\in CL(Z)$ . $sarrow t$ $Z$ 82 ,
$|s|\leq|t|$ .
$($ $)$ $Z$ $Z$- 32 (1)
34 $C[]$ Z- . $\Vert s\Vert>||t\Vert$ $\Vert C[s]\Vert>\Vert C[t]\Vert$ .
( ) $\Vert s\Vert>\Vert t\Vert$ $Z$- $C[|$ . $C[|\equiv\square$
; . $C[]\equiv(MC’[])$ ; $\Vert C[s]\Vert=2\Vert M\Vert+\Vert C’[s]\Vert,$ $\Vert C[t]\Vert=2\Vert M\Vert$
$+\Vert C’[t]\Vert$ . 1 $C’[s]\Vert>\Vert C’[t]\Vert$ . $\Vert C[s|\Vert>\Vert C[t]$ $[$
$C[]\equiv(C’[|M)$ . $\square$
.
35 S.2 $Z$ , $CL(Z)$ .
$($ $)$ $M_{0}arrow\Lambda f_{1}arrow M_{2}arrow\cdotsarrow M_{n}\equiv M_{0}(n\geq 1)$ .
, $|M_{0}|=|M_{n}|$ . 33 , $|M_{0}|=|M_{1}|=|M_{2}|=\cdots=|M_{n}|$ . 32(2) ,
$M_{1}\equiv C[\Delta|arrow C[\Delta’]\equiv M_{i+1}$ $|M_{i}|=|M_{i+1}|$ $\Vert\Delta\Vert>\Vert\Delta’\Vert(i=0,1, \cdots, n-1)$ .
3.4 , $\Vert M_{0}\Vert>\Vert M_{1}\Vert>\Vert M_{2}\Vert>\cdots>\Vert M_{n}\Vert=\Vert M_{0}\Vert$ . .
, 35 .
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36 $Z\in\{L, O, S\}$ . , $Z$ $CL(Z)$ .
37 1 $Z\in\{H, M, W, W^{1}, W^{*}, W^{**}\}$
$CL(Z)$ .
$HHHHarrow HHHH_{f}MMarrow MM_{f}WWWarrow WWW_{f}W^{1}W^{1}W^{1}arrow W^{1}W^{1}W^{1},$ $W^{*}$
$W^{*}W^{*}W^{*}arrow W^{*}W^{*}W^{*}W^{*},$ $W^{**}W^{**}W^{**}W^{**}W^{**}arrow W^{**}W^{**}W^{**}W^{**}W^{**}$ .
, , 32
3.5 .
$\bullet$ $s\equiv C[HB_{1}HB_{3}]arrow C[B_{1}HB_{3}H]\equiv t$ $|s|=|t|$ , $\Vert HB_{1}HB_{3}\Vert=10+4\Vert$
$B_{1}\Vert+\Vert B_{3}\Vert\not\simeq 5+8\Vert B_{1}\Vert+2\Vert B_{3}\Vert=\Vert B_{1}HB_{3}H\Vert(B_{1}, B_{3}\in CL(H))$ .
$\bullet$ $s\equiv C[\Lambda fM|arrow C[MM|\equiv t$ $=$ , $\Vert$ MM $\Vert\not\simeq\Vert$ MM $\Vert$ .
$\bullet$ $s\equiv C[WB_{1}W]arrow C[B_{1}WW]\equiv t$ $|s|=$ , $\Vert WB_{1}W\Vert=5+2\Vert B_{1}\Vert\not\simeq$
$3+4\Vert B_{1}\Vert=\Vert B_{1}WW\Vert(B_{1}\in CL(W))$ .
$\bullet$ $s\equiv C[W^{1}W^{1}B_{2}|arrow C[B_{2}W^{1}W^{1}|\equiv t$ $|s|=|t|$ , $\Vert W^{1}W^{1}B_{2}\Vert=6+\Vert$
$B_{2}\Vert\not\simeq 3+4\Vert B_{2}\Vert=\Vert B_{2}W^{1}W^{1}\Vert(B_{2}\in CL(W^{1}))$ .
$\bullet$ $s\equiv C[W^{*}B_{1}B_{2}W^{*}|arrow C[B_{1}B_{2}W^{*}W^{*}|\equiv t$ $=|t|$ , $\Vert W^{*}B_{1}B_{2}W^{*}\Vert=$
$9+4\Vert B_{1}\Vert+2\Vert B_{2}\Vert\not\simeq 3+8\Vert B_{1}\Vert+4\Vert B_{2}\Vert=\Vert B_{1}B_{2}W^{*}W^{*}\Vert(B_{1},$ $B_{2}\in$
$CL(W^{*}))$ .
$\bullet$ $s\equiv C[7V^{**}B_{1}B_{2}B_{3}W^{**}|arrow C[B_{1}B_{2}B_{3}W^{**}W^{**}]\equiv t$ $\grave$ $|s|=|t|$ ,
$\Vert W^{**}B_{1}B_{2}B_{3}W^{**}\Vert=17+8\Vert B_{1}\Vert+4\Vert B_{2}\Vert+2\Vert B_{3}\Vert\not\simeq 3+16\Vert B_{1}\Vert+8\Vert$
$B_{2}\Vert+4\Vert B_{3}\Vert=\Vert B_{1}B_{2}B_{3}W^{**}W^{**}$ I $(B_{1},$ $B_{2},$ $B_{3}\in CL(W^{**}))$ .
4 $O$
, $L,$ $O,$ $S$ . ,
, $L,$ $O,$ $S$
, .
$S$ [1, 22] . ,
$L$ [19, 20] . ,
$O$ . , , $O$
.
41 $X_{0},$ $X_{1},$ $\ldots\in CL(O)$ . (1) $X_{0}\equiv OO,$ (2) $X_{n+1}\equiv$
$OX_{n}$ .
42 $k,$ $n$ , $O$ - $C[]$ , $X_{k}X_{n^{arrow+}}C[X_{n}X_{n+1}|$ .
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( ) $k$ . $k=0$ , $X_{0}X_{n}\equiv OOX_{n}arrow X_{n}(OX_{n})\equiv_{\wedge}Y_{n}X_{n+1}$
. $k=l+1$ , $X_{l+1}X_{n}\equiv OX[X_{n}arrow X_{n}(X_{i}X_{n})$ . ,
$O$- $C’[]$ , $XiX_{n}arrow^{+}C’[X_{n}X_{n\neq 1}]$ . , $X_{n}(X_{l}X_{n})arrow^{+}$
$X_{n}(C’[X_{n}X_{n+1}])$ .
43 $0$ $CL(O)$ .





, $O$ $CL(O)$ . $\square$
5
$L$ $O$ . $L$ $O$ , Sumllyan[18]
,





( $\bullet$ : , $O$ : , $\cross$ : , : , ?: )
, $O$ , $S$ $O$
. $O$ $SI$ . ,
66
$Oxyarrow y(xy)$ $y(xy)$ $(xy)$ $Sxyzarrow xz(yz)$ $xz(yz)$
$(yz)$ . , $O$
$S$ .
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